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(54) GROUP IH NITRIDE UGH-EMITTING DEVICE WITH RAISED LIGHT GENERATION CAPABILITY 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide an inversion type group ID nitride light-emitting 
device(LED) with a high light generation capability as a whole. 



SOLUTION: A large area device comprises at least one n-electrode where the 
metallization of p-electrode is sandwiched to reduce the series resistance. The 
metallization of p-electrode is opaque with high reflectivity, being excellent in current 
diffusion characteristic. The optical absorption in the p-electrode at peak radiation 
wavelength in an LED active region is less than the 25% of incident light for each path. 
A lower part mount can be used to provide the electrical and thermal connection 
between an LED chip and a package. With the use of Si as material of the lower part 
mount, an electronic circuit function such as limited operation according to a voltage is 
provided. For the operation at a high current density, the entire device comprising an 
interface with the LED lower part mount is so designed as to lower a thermal 
resistance. Lastly, the device may include super straits of high refractive index (n>1.8). 
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©t©WtC«, ftlc©A'J7Jf £^6-5,, pl©#la 
>^?h©— 0U«, Au/NiO,/AlTS5. 
.fcP^^JBe^^-r-S^WP^tt. 3 0/1 0 0/ 
1 5 0 0AT-&3„ mmz. I^tSnSOGaN^I 
n>^^7 h«T i /a l TS>o, z\<r)&m<r>9mmtsM 

£«3 0/1 5 0 0AT*5. 

[0017] pnm<D%:mmzwtBii'%}mzjstf2>^ 

^^-fef— ^ 3 > K J; Hit elite -5 ^(D^of£7- 

£xA— ±X-<Dt7. bC0$>^fz±^iZ^ti)m 
if & <fc 5 IC LfcMPgPXIS p ««(Cif A£tlfc¥itl£ffl 

A-l-XCD^$rfiT$-&-5fc*^T*l>„ LtA^T. p 

[0 0 18] ft<D$tWL£;£< Ufctfts p n 

J£-&8&*> {UK A y- v-vCD^jgtni^/h S<t4Ct 
CioT. ffl^.H4 0 0 X 4 0 0 Mm, ^gA^ta: 

ffl**#T *«*©3fc£j3E<iea rcsai^ l e d * 

[0 0 19] 06 (b) \Z^kVtzmmmiZ^T. Z\<D 
r/WXH III-^<t^)Xtr^ + >' + ;i/'\5 : -D*igcO 

niisotH-^nTi^iiii lautpin 2^ 
-mttom 1 1«. s^wic i^x-a-xM'- 

h 1 0 X-A-X M/-hl0B, III 

Sut^t^S. 06 (a) IC^LfcLED^-yy<Dj£ 
I®W@Ttt. Z.CDy'/U X(7D^:#te®W O4 0 0 
x 4 0 0 wm.) fct. ^A-fX^tcl^— {c«SUS:t£tS: 
c^#-5/tJ6(', ffllC p«@©^^7-f if— ->a >2 0 
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^«ES*5ntffi2 2©«gSc© r» (y j >#-) j at 

$ < -tztctbiz (i 1 1 -mt<fom<?>'bz ^n%.&mm% 

■&m-TZtztb\Z) . fLT, 3£ (3) Kl^LfcJ^&ig 

izmizift-tE.-rznnm<Dmi$.&!&&tfcz>. 
sw^iSs<i*^ip«so^^7-i'-tf-->3 >2 o&m 

g©£*t*Stt. ±i£<Dj;5(C. ^©LEDifcWffitglCfc 

^bTTf8^tf>h3S«5 OiODTaSvtf^hWBS 2 
A -5 LEDtTSP^ 

tfXiP+v') . LED^y^tT»V«>>h©|B©#n 
SiIH±«)*^oftij;3-f> h (0iJ^.«P d - I 
n-Pd) . Au©X^7FA>y (stud-bump) ', & 

[0 0 2 0] £©*iS}£M«, #«ttOSMg54 1 . 5 
4S^l,TLEDftzrF«V»>>Mr*DttWSft*. 

TfT?tf >h©9x/v-XttLED±©S*?b;fc 

U7h^7 (lift-of 
f) . U7D- (reflow) fc£*»**n*. ffiSS^t 

M^R^MWti, TS5V^7>h±©L EDfy7*t 5 4 
_L©&ntt©;fc5:&S4 l itt)i:, VJiy—Mtmz 

& -2> «r» « L E D s» 7± ICR!* 6 *lfc/t * - Xt S tlfe 
»0A'r>'<->3>l4 2rtO^7 (via) K 
±oT«gSft5. itft0/t7y^-y3>l4 2 
tt, P«ffi£n«ffi£<Dm£«^Hf::#ftt-f-5H<i:LT 
OSKSfttU, yM-!4 1i!iiptIinflOi 

-S^WftB&^JB 5 4 */t*r- - 5 C t. K<k t> T 
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^ -ass lt y;i^-&-&pitefcSS-©&jgii 

L E D iT6??f > h <Dffl<D&M<DT >y- 7 -< JWf* 
©&£»tt«##IC/h£<, 0lJ^.«2. OW/mKiO 
*>/h£t,:>©T> S'&gP^e/tu/'Jr-v^CDIIAigfettt. ^ 

-5. P«ffiC0^^^-f -tf— ^>a XCtS^S^W^SUt 

^e/t^-^Of&ffitrtte. ©,- P = (t,/p.+ t 
../p,.) /A, (t£«#te*i3iT-5) (7) £ 

-£T*v A, tey;i^-£ 

#<Dmmm-c$>z>. ^ (6) ic^-r^^ic y;^-© 

®»A, «^*ffitaSr=i>hD— ;u-r-S>. Z\<Dtz)s?>, LE 

LEDCDp«Sffi«<tn«@^WMc7)«^;e<J/fe 
©T. £©J:3t;:T£££«15JligTtefc 

©y;i/y-jg£Wtg£t&jg£©ffl©*+-;/7©4ftt, t 

ffli V»7 > h Id® 0 fl-tf e, tl£> 5 1 v ycDf^H £ 5 a6 -5 t> 
©T&frmtf&£>&^. f^it'tlTfc, 06 (a) \Z 

^Lfzmmmit. 8 5%mm<DV)iy-t)/*—m (p« 
[0021] me (a) (b) (c^^tt-snis^j©^ 

mtLX, p«®2 0»— 85*^^:0, tl2 2©i^ 

*a»s&*cn6©tttt©fflfc#j£<*ft*. ^«w©it 

WflstS. ^ne.©«SE©n«St P«M©WSrft^WfC 
flgt/«£S. ZWmMMit. 06 (a) (b) (r^LfcH 

©5t*±iS3^frsit-rscitt<fcoT, c:©^©iiti* 

[0 0 2 2] LEDtTSP-x"^>hi:©W©ffl5^ 

(solid temperature) J; 0 fe^< ^cofei:^fC^fi£$ 
U7D-©^, (capillary force) IbXS 

s®?fi^ «, y Tamta&mmm* y ^y- -> 

Vr7> h©')iA-'\©tJl'777'f ^> 

BT^ic-rs. d©t^777-f/>nt au^<>ys 
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«(0ply;^-^7 HtnSv;py-/\7 F4 l £^ 

s^a^ttsic^oTft^^o 06 (a) (Dmmmt. 

ftfct;P77 7-f > > 10 

[0023] g8(l ««)*Sfi«©wi;««<oy;py- 
<DfMHi, U:7D-+fc*ttfty;i^H**T*teft£B 

Jt-T*. ¥fflttLED»*^n-fex*|fc»-r-5i:^5Cl 
ill P nS^(Dffi^cH<h^ofcLED^-/7 p (C^P(B 

nx^5J:5?5:»^l:4i;5»^*-5, LED 

[0024] @9i:, nBfcoy;^— *^rtBfc£B 30 

flflSr^-T. C(7)^xA-a)Sig7 p PtXft nMVJiy 
—Ay H<7)«aiz:*3WSn««tp«ffit(Ora^«t*« 
u©fcftR«#^7^->3 >I4 2 * 

Rtt*4«**ftir»»:», ^Pirx^ffiwt^n^o y;u 

[0 0 2 5] ttOHMWO^B&tfWBHB*, 
tlBlO (a) StfilO (b) ll^t e COlOiUlT 40 

y;i^-«o#WB#^AStts. ^Jgta^«^tc«i^ 

/X>y©fkt«*KUT«*IWa:llfB©y;P 
^-*«iW***<b, fM*W)Ecy;u^-o!>»s*/h 

t*c*o^ft^»^4y;^wx>y©tr!y?cDifi* 

fcfy^tt. 2 0 0 mitiT^0, lmm'^^^l 
Ttt, ittS 1 0 0 /imO/O^ 5JlJ»W5ut««-CS 50 
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£«> 010 (a) Ttt, n/W FKttLT, — ^Jtc-^ 
StiT^ -5. n*g<0;7 tt % p 

z&mm&vmm*, m^<DA>y\zsw^ti^/i^ 

t£?4T (via) £j@ATfe®T&££KJ;oT;*:#< 

<o«-&\ Tfflv^7>h±<©y;i.^— A>y<D®ffitt, p 

OTr&£o 01 1 (a) RtXBl 1 (b) «, CCDHJSS 
^J<7)BfBS:^UT^^o 011 (a) tt, ~>>f 

T*v9> h±Kfiy;^— /x^ K 5 4<Drctb(Dy 

>f7^ /^-->^StlfcRi#5 3fC^tt£>tlTv> 
S. Bl 1 (b) LEDf*;^± 

— ^«t£);*r/\*— 011 (a) co<@^<7)/ > v>7 p (D'& 
ff-£jg*_£ e y;^-<o»st>3»*WK:»<a: 

tttt/hS<&0, LEDf7^ 5tOffi.***it*-r-5 

[0 0 2 6] ssic, y;i/^-tt, 012 (a) (b) 

^i«C»S^^t5 e 012 (a) 
tt, CCL EDCDj£g|5<7)¥®0T&£o yJl/^-Jg^pJ 
flgft&JS4 1H ptg2 0Rtfnti2 2O^?7'1' 

;i/^-ofc«>^ftn*««*«3t"r*. **v>a, 06 

-08 \Z7iklsfc&v\Z, 8Sft©/t7y^->3>|4 
2llJ:7T, 8&*l5ffi«*«3t-rSd<!:t>T*-5. 01 
2 (b) tt, T«^9>h<B¥BB*ST. Sl^ftOT 

S i^f»&^7XhU-h^tl^. LEDf^ 
BtSfT-Sfc**;:, WIAtfS i 0,*>S&£8t«#Ji*a 
hl^-l>£, TSPT^> hco-y-^x hl/-Nrt 

«Ag»$WA 1 ^^^^^^^-r-tf-va >5 2 
^ 17^ t-*>f-<>WcJ6fcWj:<, L EDf 
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Sfc«e>tC, rfV—i; (break) a^tt "-.nTt^-a. y;P 
^-S*"5Iflg^^JS 5 4 U 7D-©Kv;Hf-j&t» 

■iM— vg >5 2±-t?/t^— z>^nrir>5. cine. 

-tf— >4 1 >i— glTHS. LE 

D^^ytCO^Ttt, 0 1 0 bfC^Lfc«fc-5tC, 10 
ffl/b^->3 >15 3K«fcoT*aj££*X-5„ 

^*LED^->^*±ictiW$-e-Tt>«tv^ v;i/y-co 

y;P^-&£<^(|g&&JI|/'^->5 4©Sl 
J£©&©g|$#;^ 6«rFl*i«Kg| o &4£>T*5 < ©*t«t lr». 
WISIHI4 1. 5 4M^cyj^-/t^->6 0IC«fc 

^A*-^tl-5Ci/0iSSLt,^ 012 (a) (b) ©V 
;uy-KJ;oTikn-5ffi*£te. 6 6 %gf£©;*J A*— 

pfI*«y;^-i:J:oT*n-3n5. 0 1 2 (a) 
(b) ©y^y-ciz-fj^MiHtCA'-^?,^?. 

[0 0 2 7] L ED£T^?>b<fc©ffl©S^&*g5 

■?t 1 3 ox:&m*-2>£.T'\zMit>2>z.t&T-£z>. :n 
«. issse^ 1 3 ox:&mz-z>m.mzi$^Tmtw l z& 30 

«, 0!l;Ui9 5/5 Pb/Sn, AuSn, A u A 
i. AIS itti!©*«y;^-S«lr»*039»a*U 

[0 0 2 8] y;i/^-ou yD-£fToTt^-5<&nfc\ 
P «S£5S3>&#!1 gift L < £ £ #S»T * -S. . 

Tfcto**. y;uy-8£rWtg&&JgJl. fc-swiy;^ 

«fcoT. £©Jf ©£fcM4&tf:3>^y h 40 

^U^5Ml:<tt>TigC^5. Z.<Dfztb, pit 
«ty;^-8t'&Pl«Ba:*JBtonBtcAiJ7— JBSKW 

OtttNi, Cr, Cu, T i 
[0 0 2 9] ±%tS.^-m<DL EDf'y7"tB, LED? 
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isc (cte) ©a^icj:^Tft*3&t*i;. ^wtf^-y- 
^, -y-htty;p^-*^^^«^<D®o#t7i9:fl-« 

*£&LED^-yy£I&9tttt.5«£K:te > iO/hSfc: 
yjP^-^tti-r-SO^a* LlA738TT?&-5„ $7^ « 

i-^y;py-v- h&£^knHf©iis^A>y£<£5 l 

ED£Tffl5vy>ht©W©«t 0*f^3>7'7^ T> 
5 u i t C T E OP9I©I4iffl W© h 1/- K 1 7tt, 

-^/n*-^i 5%f?zt, »*-tf-f ;y;px h UX© 
ttMTTy-v>y©*|fc#&^*£-fcte. y;py-© 

J»£te2 0 ^mffllJiW. 

[0 0 3 0] III-gfc^jW-^Digjg©— OODIF-MJC 
x-y X^v— ® (textured surface) Srifctt-S £ ttCcfc 
ot, LEDA^(D7t<D®tiJb^iiSae)SC:<i:^-C#-5. 

m&fcfflttii^ 013 (a) ~ (c) iZZLOHfc?* 
^■T. 013 (a) it. D-y 7-f7©X — A— X bU— 

x- a-x m^- h i: 1 1 1 - mtm*- ey > *)vm t 

©ffl©H#r*©;*:£&ii(^ (n~0. 6) lC«koT, ffi 
tt««*»6fe«*tlfc3ie(Z>*»»«t. i)-y r-f Tiilll 

-asft«oiBi«)iHBK:*v»Trtaj^s»*n-s. '©?<: 

oT8!73fal;:##>ti-5„ Ill-^t#ix 
if ^ * -> \z&&? z < <n mtk * * - x* 

e»^ow^n^afnc^tis. 013 (b) hi 
-afl:*)B«»6U*3t**as«afc»fc. in— sasYk 
%><D'\y : -am&£-V-y r^7<r>x—n—x bu—bh<D 

« /\y d m it ^ © — 0 <d m- m * 7- y x 5 1 +• — \ t u t t> 

[0 0 3 1] «!0*JH«T?tt. *7 r-f 7 (n~l. 
8) \Z\t^\\\-^.it«km (n~2. 4) <D®mmz£. 
Djfi^iBt>at»T^ (HR I ) (n>l. 8) C9X-/-?- 
X r-^-h^^tJ5te^OT^->y«^iC<toT. 3t©^ 

5t*W^X-A-X hl/-h^A0, lll-gftifex 
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a<T€--5„ 013 (c) \tZ\0&5temMM } S:mlsT& 

£/$£tt5{$<^<b*t-^T©7ttex— a-x h u— h'v 

AO. 5 0©gfcHLfcX-/1-X hl^-h(0«tSO^-r 
n*^iloTi1-ffl?^HI^-5nItgtt^ii5<^:-S). HR I X 10 

[0 0 3 2] HT I X-/*— * h hCD^J,^.^-h^fC 

6i€fwrfc«f>»c«, x-/t-x h ^-HJH^:^t'ai 

#oTS i CtCO^Tte. 1o-?fr\Z 
D^AWXro^&**f#'~>tl-5<fc?, X-A-X h 
^%T'$>2>* 6HSiC©i&, jg*n«— (SK. 0. 5 

mi 4tr^aftLT^-r. -^r-tt. s i cx-a-x 

hl^-^^^AMXfCO^TSit&YtL-fc) £, # 

HLfc. L EDf/H X^jt^rH' l- 

ftSfSCS i C7^£ttT<^-£>„ lOOwmilffll 
£©S i CX-A-X bl/-h<D*£. ©iR«&tt3 c 30 

mv^m^y-oit. ^wnvcvmrnm <t o % 1 . 2 

[0 0 3 3] II]-ffk!|)LED©)£©S!fflL^2l( 
#-T-5W(Cjg^-r-5HR I X— A— X h U— Mi&#< 
£-5. :£<CDg&£#y ^-f f (2H. 4H, 6H. c 
tt&tfafft. 3C&if) <DS i CJdiPx., ZnS, Zn 
Se. YAG, ZnO, tt Sffc©^< ©*5fi|Bft> 40 

ffi^dt^fta. HRIX-n-XM/-Mt III 

2 ©fitsxgic «t o ti 1 1 -mtmx.\zz* is -v )vm \z 
[0034] ^ib\z\w-mtm^7-omm<D±.^tz\t 

*<DiHW<DHR I X-A-X h V- h<D— X\Z-!H_k<D 
W*K¥&)\Z7>#L.ti.m SjUiL^fC 
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X— A— XhU— h$\ Krames^lCkoT 
Appl. Phys. Lett. 75, pp.2365 - 2367lC5S£;ftTU£> 

&oiz. j&mv®m&&m-£tiz>&?&]&vi\z&f$.-rz> 
cLtfc-e^s. coi^ftftto-^n x-a-xh 

[0 0 3 5] Tffl5v<7>Hcte. tStgtt tt^g 
»-S2#£Rtrr«fc 5 JCT-SC LED*^® 

h CDtf ^«ifi5 <^£#t£ £ S t> © £ f ^ t* T* * -5 . 
C nCjg-T 3 #Stl/T(t Si. A 1 N. BeO&f 
JfcfcAtf. S i ©TSK V? > Hi. 2 5 0/im 

<t 0fc/h^<-r^#-cabs„ sill isewioo 

S$-7^>M£<fc-pT. LEDiyt>^y-v'i:OMCD«^ 
±®lCte. M y y- y© U - K C^^A^ 7 y - K t ^3 

#<fc«6lcs:W'l4©fe<o<fr-^#Ta5-S> 0 Lfc^oT, 

[0 0 3 6] TSPvr>> b<Dm±OKm^(DA^7'i-if 
DcD^^-)*(C^e,^^#Sr4-K.-5C:a:^e.. LED 

edu 5 1 y7 p ^e>ai^i*^^ ^ fi]^c5g■ti•e ) n•57t^ 

£ < JEcfttfteS & if, — A U >XX.Zf&M<0—A U>X 
, b±£t£b<D\zLtt.WtU*&*>fj.\,*. )tf^©3X bit 

^<Dttft<Dfcm\zitm'rz><nT% sstgg* -y 

&*©T. LED5 : y7'0tftli^<i5;l,. A^W^t 
#«UT. LEDf7^fiAT4 0 O^mglfflMS 

mz i o Otfmiac^w^sta^.. cne.©^n 

«. LED^-y^©^(D*^d:0A^^liJp{CO^^ 
-5. 0a^.lfTgpv'>>Kr5^(D^{5j^e<)gHB*ffl^ 
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•5<hLT. lxlmm'<0LEDf7^©*6CH 

1. 8X1. lmm'<D®«ati&g<h&-5o 
£>h««feg^^mte. (1. 8' + l. 1') '" = 

2. 1 lmm<D&£<D*iAm-t:&Q. 

nti. *a#©AXT'©gj»r (2 AX©tt;bDfC3AX 
(D^^5'T1f->3>«. LED^y:/cfcD 

w&3taa**ra v# > h <nmn £ ns n l **& ^ 

[0 0 3 7] 06 (b) , 09 (b) , 012 (b) \Z 
^LfcT8Bv£> htioT. L EDrtfC^ft&tStg 
SrtSttS ti^S. 1 1 1 -ift«Of/HXIJM 

»ffl&M« (esd) Kj:*»«*s»-*"rntf«. 

«. Antel<=><D7|eg#i*?f5 5, 9 4 1, 5 0 1 -ftKl&ID! 

So £Sfe«fiU;:<fcoTLED£SM!j-e£ 
Set 3, Ay? • bv • rtv ZMtfLW x.-r-?Ur- 
h*£. LEDfPyy£MWcf£t)&irc£t>T-£s. fife 

khz. Tar??>Hc#«6sj; 5 k-ts 

D-;p*»w*ctt>WflBt&*. 40 
[0 0 3 83 017 (a) l:itJ;5at/"Jj'5/i'i 
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-<D^.^y^if-> 3 >\t, &&.<D&-(*- Fifty )[,?— 

ti. 017 (b) i;^bfc«fc^^£«^ii]i&tbT^^n 
s. T^^^^©^A*-f^tt, ii;gtt^«*tt 

S8E3l?CDLED<J;D*>4<giiS^«ffiT, #04te4>&<^ 
MStETgjfrrs. lmm'K>Se5fc©III-g{b& 
LEDH 3. 0 V, 3 5 OmATidf^-rS. Z\<DmV 
ffitt^W017 (a) K5ftT«fc3fcP3:3©it5»l» 
^nfcLEDI3t5tl5t. 5rA*-fX«12. 0 
V, 8 7. 5mAtiM5. 'M^t 
«-C©»fftt. LEDfflOtf H7-f A'lHli&Ktt-rSft 

7^fm7H i*CL ED^y ^la^Jfc^&CtE 

i — ?)i><Dmmtf±z<u-=>T^rz. cm«LED^ 

LEDgglC*3ltS7t^CD^-)**^#< IT^fc. S 

1£><DM<D X y 5F > «fc o TtfF $ tlS 18 0 ifi^tTBHB 
TSdt*tT#S. ClOjSOilStt^MmCD^^frSC: 

^ifil-iiS*SC<t^T-^So 0 1 8 tCTKbit 1 

T^'»MO^Ihl^-X8 1«. B3-^> 
©LEDtmitUftKifi^JC&j^tlT^S,, lmirf© 
#LED«il#3 VT»#t4)l». 018tC^LfcB3O 

ojt^j^roLED^e^i-^^i 2 v-eftjfrrs. T 

##l^-i*£fllil£LT^S. h V— X^^^<if^>3 >8 

^n«s#tttcD^s^s. 0iiA(iAgab'5^(iAi 

[0 0 3 9] 3fc©flMBL8Mstt, fett^^^KWttO 
^©«fcp^A>7— CD(6j±«III-^k!(*l 

r) mMzn-nz&o\zTz>t, -t^tcd 
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&m&t pmmiKDffl<Dmm&&Gm\z 4#© 1 m&t 

[0 0 4 0] 01911 LED^^yoSSjgyD-feXO 
7D-fv- 7>7-y7S 1TI1 III 

-^t^^nSlifiSjSfi-y-y'x h v- h±(cit*8£-a- 

T7y9 3Sy9 4TH '>&<itn3>^^hJ:C0 
nn>^ h^pa>^^ hCDfBHc^fc-f -5$I*££S5 

H£f9:tt5. Xf7^9 5m 3 £ h&tf£#tt§ 
Z>. l»Xfy^9 7fH y;i^-i&£Wtg&& 

«Xf-y^9 9 0a&tC, LED^Otftf-SCliaiT 

[0 0 4 1] @2 01t LED*T6R-7^>htC©0f^ 
tt-syn-fexoy n— H^Lt^S. X^y7° 
10 1TB, LEDf yiTSRT^ > h tWRfltXva 

E D ? y 7° £ T V <y > h <h <D ffl K 7 > ¥ - y ■< ) V 1fl ffi 

hWtyfr—zSizW.OmJZtlZ. 30 
[0 0 4 2] 53iJtf>#y-CH Xf7^1 0 0. 10 1, 1 

0 2<DRt>Q\Z, Zr-yy'l 0 5^fft>tlS<, Xr7^ 
10 5TI1 yjl^-^LEDK&frStl-S. Xf7^ 
10 6TI1 LED?yy<i:Tffl5v^>hcD^xA-i: 
©mc^a-Oh^fiitSns. t^>3>OXr7^ 
10 7TH LEDf 7 yiTSBV'i' > h <h<DWJCT> 

[HBomWiiSW] 

[an 1 7 7 -r Tit* 1 1 -at 

Wfrt-fX^iLTl^. 40 
[02] »J©ffi*S«OIII-Sft*383t7*/t-fXOS 

1 C«&£^l/T^&. 

[0 3] *^»»fflffl©«l«gt<OH«ctbT«*ja*lft] 
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[04] ptSMroHtiLTLEDiiimitM^ 
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